Lymphocytesubpopulationsin a whole-bloodsample can be detected by adapting mouse monoclonal antibodies (MAbs) and peroxidase (EC 1.11.1.7) labeling to a flow cytometer equipped with a tungsten-halogen light sourceand scatter/ absorptionoptics(Technicon H6000). In the optimizedcytochemical conditionseach cell populationgeneratesa distinct, well-separated cluster, for accurate "threshoiding"of the surface-antigen negative and positive lymphocyte populationsin the presenceof other leukocytes.After reactionwith MAt,, the erythrocytesare lysed, and the lymphocytesand otherIeukocytesare fixed. Biotinylatedanti-mouselgG, used as a bridge, amplifiesthe response from the avidin-peroxidase label. Granulocytes and monocytes,which have high endogenous peroxidase activity, and the labeled lymphocytes are stained in a specificamount of hydrogenperoxide plus 4-chloro-1-naphthol in 4-(2-hydroxyethyl)- . (18, 19) , we tried an "indirect conjugate" protocol, in which isolated mononuclear cells were labeled with the mouse MAb, TiOl (antiPan T MAb; Hybritech, La Jolla, CA), then incubated with peroxidase conjugated to an anti-mouse secondary antibody (Cappel Laboratories, Cochranville, PA). We compared the staining of labeled cells with two different redox chromegens, 3-arnino-9-ethyl carbazole and 4-chloro-1-naphthol, by using a Technicon H6000 system, which has the same optics for determining peroxidase activity as the Technicon Hemalog D flow-cytometric systems previously used (18,19). The staining by either chromogen was inadequate for separating the signals of all of the stained lymphocytes from the unstained lymphocytes (Figure 1) . Replacing the MAb, TiOl, with another, OKT3, did not improve the results. In another experiment, we replaced the peroxidase-conjugated anti-mouse secondary antibody with biotinylated secondary antibody and avidin-biotin-perozidase complex provided in a stain kit (Vector Laboratories, Inc., Burlingame, CA 94010). This increased the staining intensity somewhat, but the stained and unstained lymphocytes still could not be clearly distinguished. into distinct clusters and reproducibility was poor. Also, these methods involved either no cell fixation or fixation very late in the procedure, long after the cells had been severely abused in processing; consequently, they yielded inadequately stained cells.
The rapid progress in hybridoma and flow-cytometric technology has led to remarkable advances in cellular immunology (1, 2). Flow-cytometric analysis of lymphoid cells has revealed discrete subsets of lymphoid cells, differentiated on the basis of their light-scattering properties and specific immunofluorescence (3, 4). This technology is now in transition, moving from research to clinical laboratories.
Most commonly, subsets of peripheral blood lymphocytes are identified by labeling the cells with fluorochromeconjugated monoclonal antibodies (MAbs) Note that the iows-Ilkistratlon(labeled specimen) shows no clear separation of labeled from unlabeled cells
Our intention in this work was to modifr the treatment of lymphocytes and the composition of the enzyme-cytochen#{241}-cal reagent solution to obtain highly reproducible responses and to precipitate a substantial quantity of the detectable enzyme product on or in the cell, thereby producing a large absorbance signal that would be easily resolvable from the signals from unstained lymphocytes and other leukocytes in a flow cytometer equipped with a tungsten-halogen light source and light scatter/absorption optics (Technicon H6000). This instrument is also used routinely for differential leukocyte counts and complete blood cell counts and is available in many clinical laboratories, thus permitting wider use of lymphocyte subtyping. We have also simplified the method, so that either whole-blood samples or isolated mononuclear cells can be analyzed. Not requiring the isolation of mononuclear cells reduces sample preparation time by almost an hour and avoids risks of possible differential cell loss (20, 21) .
MaterIals and Methods

Materials
Samples:
Blood samples were collected from apparently healthy volunteer Technicon emloyees, 14 men and 13 women, ages 23 to 61 years.
MAbs: OKT 3 (anti-pan T, mitogenic), OKT4 (anti-helper/ inducer T), OKT8 (anti-suppressor/cytotoxic T), and OKT11 (anti-pan T, E-rosette-positive), all from Ortho Diagnostics, Inc., Raritan, NJ, were used for the P-subset labeling study. The MAbs were reconstituted according to the manufacturer's instructions and the daily working solutions were prepared by diluting the stock solutions 20-fold with phosphate-buffered saline (20 mmoJJL phosphate, 120 mmol/L SH NaCl, pH 7.4) containing 2 g of bovine serum albumin per liter. We used MAb Leu 12 (Becton Dickinson Corp., Mountainview, CA) for B-cell labeling, diluting the stock solution 10-fold with phosphate-buffered saline containing albumin. In all cases, we used 100 .iL of the diluted MAb working solutions with 100 ,.&Lof whole-blood sample.
Immunoper ( 
Procedures
Sample preparation for the H6000 system: Mix 100 p.L of
EDTA-anticoagulated
whole blood with 100 1zL of working MAb solution and incubate at 4#{176}C for 15 mm. Then process the samples at room temperature as follows: Add 2.0 mL of lysing reagent, mixing immediately.
After the sample is lysed for 5 to 10 min, centrifuge (Serofuge; Clay Adams, Parsippany, NJ) for 1 min, and decant the supernate. Wash the cells twice with phosphate-buffered saline/albumin solution, centrifuging for 1 mm and decanting the supernate after each wash. To prepare the corresponding negative controls, omit MAbs from the first incubation, using instead 100 L of phosphate-buffered saline/albumin solution. For the OKT8-labeled cell preparation, add "lysable blood preservative" to the blood sample (50 UmL) before processing, but fix the cells after incubating with the secondary antibody; this produces more compact OKT8-labeled cell clusters for easier discrimination.
Measurements with the H6000: The stained cells were aspirated directly into the peroxidase-channel flow cell of the H6000 light scatter/absorption flow cytometer (Technicon Corp., Tarrytown, NY) via a peristaltic pump and the positive lymphocyte signals were separated (thresholded) from the negative lymphocytes, neutrophils, and monocytes as shown in Figures 2 and 3 . To calculate the percentage of labeled lymphocytes, we divided the positive lymphocyte counts by the total (positive + negative) lymphocyte counts. The results were corrected for background counts obtained from the corresponding negative controls. The cells in each sample were counted for 24 s, 90 samples per hour by the H6000 system. We used the mean of three consecutive 24-s counts per specimen for a single determination.
Duplicates of each specimen were assayed and the grand mean was determined for the correlation studies. An average of 6000 lymphocytes was counted per single determination. The range of "false-positive" cells counted in the negative controls was 3 to 6%.
Sample preparation for Spectrum III: Mix 100 pL of EJYFA-anticoagulated whole blood with 100 pL of working
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MAb solution and incubate at 4#{176}C for 15 miii. Then add 2.0 mL of lysing reagent, mixing immediately. After the sample is lysed for 5 to 10 mm, centrifuge (Serofuge) for 1 miii, and decant the supernate.Wash the cells twice with phosphatebuffered saline/albumin solution, centrifuging for 1 min, and decanting the supernate after each wash. Add 25 iL of autologous plasma to the cell pellet, and mix; add 100 ,uL of isothiocyanate-labeled anti-mouse (F(ab')2 working solution, mix, and incubate for 30 nun at 4#{176}C. Wash the cells three times with phosphate-buffered saline/albumin solution, and resuspend in 1 mL of phosphate-buffered saline. To prepare the corresponding negative controls, omit MAbs from the first incubation, usinginstead100 iL of phosphate-buffered saline/albumin solution. Measurements with Spectrum HI: We assayed the samples according to the manufacturer's protocol (8), taking two readings for each preparation and assaying duplicates of each specimen. The grand mean was used for the correlation studies. An average of 6000 lymphocytes were counted per single determination.
Precision measurements:
We calculated the 95% confidence interval for each method from the pooled SDs of each duplicate run.
Results
Typical distributions
of cells as determined with the H6000, before and after the modification in the cytochemical procedure, are shown in Figure 2 . We modified the concentrations of substrate and redox chromogen, the solvent for the chromogen, the pH, the temperature, and the fixative so the neutrophils and monocytes would be more heavily stained, thereby shifting their "cell signatures"-typical patterns of cell clustering-farther to the right and leaving a large gap to accommodate labeled and stained lymphocytes. In the modified chemistry, the staining of the labeled lymphocytes for each subset is sufficiently intense that virtually all of the stained lymphocytesare separated from the unstained lymphocytes (Figure 3 ). Cells labeled with OKT3 and OKT4 show tightly clustered, homogeneous populations,well separated from negative lymphocytesand granulocytes. OKT8-labeled cellsfrequently show two populations, one with high cell-surface antigemc density and another with low density. OKT11-labeled cell populations contain cells that have a low density of antigenic sites, and Leu 12-labeled cells exhibit homogeneousbut frequently low-densityantigenic sites.The Spectrum Ill green fluorescencehistograms of the subsets show a similar variability in the density of cell-surface antigens among the lymphocytes of each of the subsets (Figure 4) .
By light-microscopic examination of the peroxidasestained suspension of cells, we found that granules of neutrophils, monocytes, and eosinophils were stained black; monocytes were easily distinguished because there were far fewer granules per cell; labeled lymphocytes were stained somewhat lighter; and unlabeled lymphocytes were unstained ( Figure 5) . The distribution of immunoperoxidaselabeled cells obtained with the H6000 system confirms the microscopicobservation.Neutrophils were stained so dark that their signatures overlapped with the signatures of eosinophils, often falling below the "scatter-low" threshold.
(The H6000 allocates all signals that appear below the "scatter-low" threshold and to the right of the "absorptionhigh" threshold to the eosinophil class.) Most of the monocyte signals are to the right of the absorption-high threshold, but a small portion of the monocyte population is sometimes included in the positive lymphocyte box. These counts are corrected by subtracting the counts for the Figure 6 ; the correlation data (Table 1) show good agreement between methods for each lymphocyte 
